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PRELIMINARY DESIGN OF THE ENERGY SYSTEM FOR THE ZTH EXPERIMENT

H. Boenig, R. Gribble, C. Hammer, S. Huddleston, R. Kewish, H. Konkel, J. Melton, W. Reass, B. Rosev, P. Thullen
Los Alamos National Laboratory
Los Alamos, NM 87545

ABSTRACT

A 4 MA reversed fileld pinch experiment, called
ZTH, 1s being designed and built at Los Alamos. The
first plasma discharges are scheduled to take place in
FY 1991. Major electrical power equipment components,
such as a pulsed generator, controlled power supplies,
isolation and opening switches, current interrupters
and capacitor banks are being designed and procured for
this experiment. In this paper the requirements and
the design philosophy of the components for the energy
system are described, and a status report on the com-—
ponent acquisition is given.

l. INTRODUCTION

Los Alamos National Laboratory 1is designing and
building the Confinement Physics Research Facility
(CPRF) for the Office of Magnetic Fusion Energy of the
US ODepartment of Energy. The first experiment in the
CPRF will be a 4 MA reversed field pinch device, la-
beled ZTH. The first plasma discharges are scheduled
for FY 1991, with 4 MA experiments expected to commence
in Oct. 1992. The electrical energy system for
CPRF/ZTH consists of a pulsed generator, an ac distri-
bution system, controlled power supplies for the
toroidal, ohmic hea:ing and equilibrium coils, {sola-
tion and opening switches, capacitor banks and other
electrical equipment,

The experimental device will be housed in an
existing 200° x 60’ builiding, which has 6’ thick con-
crete walls and a 5’ thick concrete ceiliang. A new
i18G' x 60’ generator building is belng constructed and
a new 250’ x 65° power supply building is in the design
phase. Figure | shows a general facility layout. A
small switch yard will be located between the generator
and power supply building. Station power will be pro-
vided by a 13.4 kV, 11.5 MVA cable, which 1s connected
to a utiliecy transformer.

2. POWER AND ENERGY REQUIREMENT

The 2TH experiment is designed tc produce a plasma
current which rises to a value of 2 MA {n 50 ms, Then
the plasma current {s ramped to 4 MA in 400 ms. The
ramp phase {sx followed by a 200 ms current flat-top
phase. During a plasma discharge most ~f the power ia
required hy the ohmic heating colla, with a peak power
requirement of 800 MW, which occurs at the end of the
ramping phane. The equilibrium wupplies require a
total power of 60 MW and the fiat-top toroiual {{eld
supply i{s rated at 20 MW. Theme pover and energy re-
quirements can not be provided by the 1rcal electric
utility syatem. Ivertial energy storage will he
applied for supplying the pulsed power and energy.

1. PULSED GENERATOR

A cont effective way of scoulring a pulsed geaera-

tor ix to utilize a murplus rceady-atate turbo  genera-
tor and to operate {t in a pulwed mode. Lon Alamoa haw
acquired from an electric utf{lity a 1430 MVA, 1800 rpm

generator, which wan available trem a cancelled nucleat
power plant. Detafln about the main paremeters of  the
machine are given {n Tahle I,
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TABLE I: Gene:ator Parameters
Power rating 1430 MVA
Voltage 24 kV
Current 34.4 kA
Synchronous speed 1800 rpm
Lower speed 1260 rpm
Energy at 1800 rpm 1210 MJ
Extractable energy 600 MJ
Pulse repetition rate 10 min
Drive system rating 80GO hp
Hydrogen pressure 75 psig
Stator weight 451 ¢
Rotor weight 232 ¢

Feasibility studies and tests performed by the genera-
tor manufacturer confirmed that the machine 18 suitable
for pulsed power operation. Furthermore, the generator
manufacturer assured Los Alamos that the generator,
which was originally designed for hydrogen cooling, can
operate safely in air. This makes the installation and
operation of the machine lesz complex. vigure 2
depicts the projected Los Alamos generator i{astalla-
tion. The total generator set, which {8 109" long,
consists of the generwtor, three main bearings, the
shaft driven oil pump, the turning gear, thrust bearing
and the slip ring housing. To reduce the effect of the
shock loading into the surrounding environment, the
generator foundation will be spring mounted. Provision
is made Jn the foundation design to install a future
flywheel. During the initial operation the space pro-
vided for the flywheel is bridged by a jack shaft, An
8000 hp all solid-state, load-commutated converter
drive system will accelerate the generator from stand-
still to full speed and also hring the generator up to
synchronous speed between the load pulses, Power for
the drive system and for the solid-state excitation
system will be provided from the 13,4 kV utility.

4, AC DISTRIBUTION SYSTEM

The interface between the generator terminals and
the power supply breaker has not been finalized. Dif-
ferent options for the interface are being {nvesti-
gated, In evaluating the options, methods of generator

protection including the {nvolved risk, usually caused
by generator wshort circuit conditions, « d overall
costas ate being conaidered. The options befng
considered include:
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Fig. 2.

a) no generator breaker, no line reactor;
b) generator breaker, no line reactor;

¢) line reactor, distribution type breaker;
d) line reactor, smaller generator breaker;
e) line reactor, explosive fuse.

Figure 3 shows as an example option c. Because a
line reactor inhibits the voltage regulation Jduring the
current pulse, the converter cost {increases with in-
creasing line reactor value for a given converter ter-
minal voltage and current rating. The converter cost
{s being taken 1into account for costing the ac
interface.

5. POLOIDAL FIELD ENERGY SYSTEM -- OVERVIEW

The poloidal field energy system feeds both the
ohmic heating ard equilibrium coils. The main compo-
nents of the poloidal energy system as shown in Fig. 4
are:

a) Four ohmic heating power supplies rated at 3840 V
and 12,5 kA for 2 MA operation and 13840 V and
50 kA for 4 MA operation;

b) Sixteen equilibrium coil supplies, consisting of
two sets with eight Jdentical unite, rated arv
I kV/3 kA and 1.25 kV/4 kA respectively;

¢) Cold and {solation switches;

d) Four 50 kV/50 kA d2 current {nterrupters;

e) Four | ohm transfer resistors,

The ohmic heating power nupplies which serve both

an the charging and vamp/flat-top supplies, are being
tnatalled in two phames, The first phase will provide
2 MA, the second phase 4 MA capability. During the

charging mode at 2 MA converter capability, four 3840
V, 12.5 kA mupplier are connected {n parallel and bring
the ohmic heating coil current up to 50 kA fn 2.6 s,
When the 4 MA converter capahtlity s {netalled, the
charging time {n reduced to 0.45a. Before the enetgy
trangfor phane {n {nitiated, the power mupplies are bhy-

aned and  dinconnected, and the cofl current circu-
lates through the bypars switch as woll aw the dc  cur-
rent fnterruptern. By opening the dc¢ current {nterrup=
ters, the curren. transfera into the 1Q renistors. Si-
multansously the equilibrium mupplieas are connected to
the reapective culln,  The four main powet wuppllien are

teconnected  for ramping/flat=top operation in the ser=
fon mode. At the ond of a plasma dinchavge part of the
waptetic enviy (0 the colln i converted f1to foaertial

enetgy by 1eversing the power auppl: output at  a
fortable voltage lovel (0,.60pu) thuw avolding converter
falluren,

Com—

Los Alamos generator installation

6. CONVERTEKS

Each of the four ohmic heating supplies can be
subdivided 1into four six-pulse, 960 V, 12,5 kA sup-
plies. The no-load voltage should be about 1300 V,

While a 12=-pulse supply shows a slight cost advantage
over a 24-pulse supply, the ripple requirement during
flat-top operation may require 24-pulse operation of an
ohmic heating supply. This question is being studied,
The addition of power supprlies for 4 MA operation is
achieved by adding identical chriic heating supplies |In
parallel. The converter transformers will be specified
as dry type units, The specifications for the conver-
ter purchase are being written.

The sixteen equilibrium coil supplies can be di-
vided {nto two sets of eight each. One set requires a4
full load rating of 3 kA at ] kV and the other set a
full load rating of 4 kA at 1.25 kV. Because of the
similarity of the supplies, one basic mechanical
construction car be used.

The dry tvpe transformer should have a 25% voltage
tap and the rectifiers should have SCRs with different
voltage ratings and difterent numbers of parallel
paths. Thie would accomodate the 25% differen. voltage
and current requiremenrts with one set of wupplies.
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7. SWITCHES

A great number (about 200) of {rolation, discon-
nect, metal-to-metal and grounding switches are
required for proper operati of the poloidal field en-
ergy system. The switch requirements, such as voltage,
current, Izt. closing and opening time, etc., have been
determined. It 1s anticipated that many of the
swi~ches can be procured using commercially available
ac circuit breakers, of the vacuum {nterrupter type.
To meet some application requirements which cannot be
met by a single switch, a combination of two switches
will suffice. In some {nstances the parallel operation
of a fast ignifron switch with a slower metal-to-metal
switch can solve a fast closing time and high 17t re-
quirement, Vacuum breakers of three different manufac-
tuiers dare on order to be used as test switches for
25 kV, 50 kA {solatfon switches. The mechanical life
time and current carrying capability of the ac breakers
will be determ{ned.

B. DC CURRENT INTERRUPTER

A 50 kV/50 kA DC current {nterrupter i{m at the
present time not readily available at a reasonshle cunt
from an electrical equipment manufacturer., Baned on
previous experience with 2% kA/29 kV  breakern which
were  developed at Los Alamos for other US fusion expe-
riments, we are developing the 72TH current ({nterrunter
{n=house. A breaker, aa shown in Fig. 9, waw ansembled
and tested. Major components were: six vacuum  hottlen
in a2 parallel/) nerien arrvangement; YUuF, 60 kV coun-
terpul e bank; maturable reactors; MOV rranmfer redafis-
tor, The load current (s provided by a 10,000 uF,
10 kV capacitor bank In seriex with a 240 pH  {nductor,
The vacuum  hottlew are of  the axial magnetic fleld
type.

To thin date over 100 {nterraptfons at H0 kV/H0 kA
and 12 at 5% kV/%% kA have beon aceomplished with 100X
bivaker relfability, however, limited tonr facility ve-
Liabildty, A wuccenstul 56 KA/S56 KV current interiup-
tian fa shown in Fig. b, We ate denigning a new awlitch
teat  sactlity to do mwiteh Hfe tenrfng (2,000 shotw)

Poloidal field energy system
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Fig. 5. Simplified electrical diagram of 50 kA, S0 kV
switch te t facility
with the tated 17¢ requirement, In additfon, the teatr

facility will {ncorporate all the awitch aupport
syntems such as control and data acquiafition aymtems,
fgnitron switchen, etc,, which are needed for 2TH,
Alwo, thear  auxiliary systemn are being tenmted.
Recently, we learned that a higher current carrvying
vacuum {ntervupter s available at a reasonable price
from a different manufacturer, These hottlern and the
actuator have bheon ordived and will he tented {n the
new factlity. Thewe higher curvent bottlem may rveduce
the number of parallel bottlen from two to one,

9. TRANSFER RESIS[OR

A ntainlean  stoel, water cooled, lineatr renistor
{n our f{rat cholce an  trannfer treafator, Howevetr
work Im proceeding on a non~linear, metal oxfde varta-
tor baned tranmfer renintor, A non=lineat  veaintoy
wonld {ncreane the tranafer efffciency for 2TH. Testws
ate belng conducted to determine a safe energy  abmorp-
tlon  Himtr  for MOVe, Diwes of two ditferent manafac-
turetn  arte helng tewted, wome ol the  diuces to
deat tuct fon,
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10. TORUIDAL FIELL ENERGY SYSTLM

The ZTH toroidal firld energy system {8 in the
preliminary design phase. The bilas toroidal magnetic
fleld for the RFP experiment will be established by
discharging a capacitor bank into the toroida' fileld
colls, The capacitor bank will be allowed to ring
during plasma current build-up to aid the reversal of
the torovidal magnetic field ar the wall, During plasma
current flat-top phase, the current {n the TF colls
will be sustained by thyristor convercer power sup-
plies. Figure 7 shows represcntative current wave-
shapes and power supply requirement:,

The technica: design criterfa for ZTH specifies
that the {nftial bias toroidal field before the plasma
current rise will be a maximum of 0.3 Tesla, and that
{t should be possible in reverse this field to about F
= =0.% {n a rveversal time that {s continuously variable
from 0.5 to 50 me., The specification was adopted after
carefui consideration of the volt-second consumption of
varifous RFP devicen., The bhest way to achieve 2 MA
plasma operation wvith 1limited volr-seconds avafilable
will be *o operate in the fact reversal mode, {n which
toroldal fleld reversal occurs early in tle 50 ms
plagma current vise time. This specification permits
design of 2ZTH vwith a smalier torofdal fileld capacitor
bank then {s customarily used, The amaller bank, how=
erer, commits ZTH to operate in the fant reversal mode
to cerch 2 MA plamma curtent, because 0.3 Temla initial
torotdal field {a conminten: with operation in matched
aode only to about 0,8 MA plasma cut-ent, Matched mode
operation to 2 MA could be achteved by fncreaning the
‘e of the TF capaciror bank,

The TF cirveudt {v requirved o produce a wide con-
tiauous  rarge of teverwal timem. To achieve this will
requite that the TF capacitor bhank be modular  {n
arvangemeny  and  that the TF coll counection rcheme be
capahie of many sevien/pavallel combinatfons. 1t will

aluo he necermaty ro terim the revernal time hy changing
the numbetr of capacttors within a capa~ftor module,

The TF colls are connected 1in 24 gets of two
series coils each. The capacitor bank is subdivided
into 48 modules, each consisting of ten 170 uF 10 kv
capaclitors with associated discharge and crowbar igni-
trons, mechanical by-pass switches, damping resistors,
dump switches, etc. Total bank energy is 4,08 MJ, To
accomplish the required switching and reversal ¢¢ cur-
rent in the switches will require a total of 192 {gni-
trons, in inverse parallel counnections to allow current

commutation. However, other alternatives such as
diodes, thyristors, etc. are being investigated and
may eventually be used for nominal and/or special

situations,

To flat-top the current {n the TF colls for 2 MA

plasma current requires a 6 MW power supply. When all
of the TF coils are connected 1in series, this power
must be supplied at 1000 volts and 6000 amps. To

provide the proper coil current to ramp the plasma cur-

rent from 2 MA to 4 MA will require increasing the
prwer supply output current from 6 kA to 20 kA. The
voltage rating remains about the same at ] kV. The

entire toroidal field energy system is being designed
so that the powe. supply upgrade is the only change
required to add the capability to ramp to 4 MA.

11. SUMMARY

The CPRF/ZTH experiment 1s being designed and
constructed for a 4 MA plasma current, Major compon-
ents of tte electrical energy system such as the pulsed
genei12to., the ac distribution system, power supplies,
isolation and opening switches and capacitor banks are
being designed and procured. The pulsed generator has
been acquired and all the auxiliary components have
been shipped to Los Alamos. The transportation con-
tract for hauling the stator and rotor to Los Alamos
has been awarded. The specifications for the power
supplies are being determiwd. A 50 kV/50 kA dc cur-
rent interrupter haes ~een successfully tested.
Isolation switches are heing procured for testing., MOV
devices are being tested to Jdetermine theft suitabflity
for transfer resistor applicu’fon.
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